A K-matrix re-analysis of the Kπ S-wave is performed in the mass region 900 − 2100 MeV, and solutions which describe the data well are found. The solution with two resonances in the (IJ P = ). Within the restored bare states, a construction of the 1 3 P 0 qq and 2 3 P 0 qq nonets is completed. The three resonance solutions are analysed as well, the corresponding bare states are found, and the qq-nonet classification is suggested. In all variants of our qqclassification, the resonances a 0 (980) and f 0 (980) (or their bare counterparts) are non-exotic, and an extra scalar/isoscalar state exists in the mass region 1300-1700 MeV, being a good candidate for the lightest scalar glueball.
Introduction
The strategy for searching for exotic mesons, which is outlined in our recent investigations is based on a systematic classification ofmeson states: the extra states for such classification are to be considered as candidates for exotics (glueballs, hybrids, etc).
However, a systematization of thestates at masses above 1000 MeV faces a serious problem: many of the observed resonances are products of the mixing caused by transitionsstate → real mesons →state at large distances, r > R conf inement . Correspondingly, the wave functions of the mixed states (resonances) contain the large-r multi-meson components with significant probabilities. The wave functions restored in such a way cannot be compared with the results of Strong-QCD models, which do not take into account the deconfinement of the quarks due to the resonance decay. For a comparision of the results of data-analysis with quark model calculations and for a classification of qq-levels, one needs to separate large-r and small-r wave function components.
In refs. [1, 2] , it was suggested to carry out theclassification in terms of states which correspond to the K-matrix poles (bare states): their relation to the input poles of the propagator matrix (or D-matrix) is discussed in detail in ref. [3] .
The K-matrix analysis of the (IJ P C =00 ++ )-wave which has been performed in the mass region 600-1950 MeV [2] points out an existence of five meson states: four of them should be considered as candidates for the members of two lightest nonets, 1 3 P 0and 2 3 P 0 qq, while the fifth state with the mass in the region 1250-1650 MeV is a good candidate for the scalar glueball. More detailed analysis of this wave carried out in terms of D-matrix andtransition amplitudes [3, 4] confirms the results of ref. [2] , restoring a quark/gluonium content of the observed resonances as well as the masses of non-mixed states (in particular, the mass of the pure scalar glueball which is the subject of the gluodynamic lattice calculations [5] ).
Recently the K-matrix analysis was extended to the IJ P C = 10 ++ wave at 600-1800 MeV [6] thus allowing us to determine a bare 0 's in this mass region. To a complete the construction of 1 3 P 0and 2 3 P 0nonets in terms of bare states, the K-matrix analysis of the IJ P C = 1 2 0 ++ state has to be performed: only after that one can definetely declare an exisance of extra states for theclassification.
The classification of 1 2 0 + -resonances faces a problem: the mass of the lightest scalar Kmeson, 1429 ± 9 MeV [7] , is significantly higher then the masses the other lightest scalars, f 0 (980) and a 0 (980). In the set of papers (see, for example, [8] ) the resonances f 0 (980) and a 0 (980) were considered as superfluous for theclassification and the lightest scalarnonet was built from the higher resonances. Therefore, it is of key importance in a search for exotic mesons to perform the K-matrix analysis of the 1 2 0 ++ wave. The present paper is devoted to this problem.
Let us stress that the identification of scalar/isoscalar resonances below 1950 MeV is quite reliable now because of significant progress during the few last years (see refs. [2, 9, 10] and references therein). The simultaneous analysis of Crystal Barrel [9] , CERNMünich [11] , GAMS [12] , and BNL [13] meson spectra performed in ref. [2] shows that the IJ P C = 00 ++ amplitude has five poles below 1900 MeV located at (in MeV units):
The first four poles correspond to comparatively narrow resonances f 0 (980), f 0 (1300), f 0 (1500) and f 0 (1780); the fifth pole is related to a broad state defined in [2] as f 0 (1530 +90 −250 ). The states f 0 (980) and f 0 (1500) are included now in the list of well defined resonances [14] . The properties of two states f 0 (1300) and f 0 (1530 +90 −250 ) are collected together and defined as f 0 (1370) resonance in [14] . The resonance f 0 (1780) reproduces well the bump at 1750 MeV in ππ → KK data [13] and is partly responsible for the bump in the GAMS data on ππ → ηη ′ [12] . Correspondingly, the five bare states are unambiguously defined in [2] : However, theclassification of the bare scalar/isoscalar states faces uncertainties: there are two variants of the the construction of the 1 3 P 0and 2 3 P 0nonets related to a different choice of the bare state as the scalar gluonium. The source of such ambiguity is that the coupling constants for the gluonium decay coincide with that for transitionsbare state → two pseudoscalar mesons at some definite nn/ss content (here nn = (uū+dd)/ √ 2): namely, at φ = 25
• where φ is determined as= nn cos φ+ss sin φ. (1600) states. K-matrix analysis of isoscalar/tensor, isovector/scalar, and isovector/tensor amplitudes is performed recently in ref. [6] . The K-matrix approach, describing well the data, gives the following 10 ++ bare states:
The partial wave analysis of the K − π + system for the reaction K − p → K − π + n at 11 GeV/c was performed by D.Aston et al. [7] . Two alternative solutions for the S-wave partial amplitude were obtained (following ref. [7] we call them solutions A and B); these solutions differ only at masses above 1800 MeV. In ref. [7] , the analysis of the Kπ S-wave was made separately for the mass regions 850 − 1600 MeV and 1800 − 2100 MeV, where the isospin 1/2 partial wave amplitude was parametrized as the sum of a Breit-Wigner resonance and a background term:
Here Γ 1 and Γ 2 are partial widths for the resonance decay into Kπ and Kη ′ channels. In the first mass region the resonance K * 0 (1430) was found:
In the second mass region, two solutions A and B give the following parameters for
Solution A:
Solution B:
However we believe that the analysis described above should be extended. First of all, the mass region 1600 − 1800 MeV, where the amplitude varies rapidly, should not be excluded from the analysis. It is known from the analysis of the 00 ++ wave that, due to strong interference, the resonance can manifest itself not only as a peak in the spectrum but also as a dip or a shoulder: that happens for f 0 (980) and f 0 (1500) in the ππ scattering amplitude. Secondly, interference effects result in ambiguities. As a reminder, the ambiguities in 00
++ -wave were resolved in [2] only due to a simultaneous fit of a number of different meson spectra; but there is no such variety of data for the 1 2 0 + wave. So, one can expect that the solution found in [7] is not unique.
Concluding, the aim of the present investigation is: (i) To restore the masses and the meson decay couplings of the scalar/isospin-1 2 bare states to perform a qq-classification;
(ii) To obtain alternative K-matrix solutions for the Kπ S-wave in the region below 2000 MeV.
2 K-matrix approach to the Kπ S-wave amplitude.
The S-wave K − π 0 scattering amplitude extracted from the K − p → K − π + n reaction at small momentum transfer is a sum of the isospin- and isospin- 3 2 components:
where | A S | and φ S are measured magnitudes of the S-wave amplitude.
The isospin I = 3/2 component of the Kπ S-wave amplitude is assumed to have nonresonant behaviour, so we use the following parameterization:
where a 3/2 (s) is written as
and ρ 1 (s) is the Kπ phase volume:
For the description of the A
1/2
S amplitude, we use the standard K-matrix representation:
where K ab is a 3 x 3 matrix (a,b=1,2,3) with the following notations for meson channels:
Including the resonance decay into the Kη channel does not affect the description of the data: the Kη-coupling constant predicted by quark combinatoric rules is comparatively small and agrees well with experimental data (see [7] and references therein). Thus, below we give the solutions where the Kη-channel is omitted. The phase space matrix is diagonal: ρ ab = δ ab ρ a with ρ 1 defined by eq.(10) and ρ 2 is equal to:
Below Kη ′ threshold, we use the analytic continuation of the phase space factor:
For the Kπππ + multimeson phase space factor at s < 1.44 GeV 2 , we have used three alternative variants: it is defined either as
or as ρ(770)K * (892) and σK * (892) phase space factors (σ stands for the low energy ππ S-wave amplitude):
Here M a and Γ a refer to the masses and widths of K * (892) and ρ(770) (or K * (892) and σ). The factors C i provide continuity of ρ 3 (s) at s = 1.44 GeV 2 . The obtained characteristics of the 1 2 0 + -states do not depend significantly on the form used for ρ 3 (s): below we present results for ρ 3 (s) given by eq. (14) .
For K ab , we use the following parameterization:
The g α a are couplings of the bare states; the parameters f ab and s 0 describe a smooth part (background) of K-matrix elements (s 0 < 0).
The K − p → K − π + n data were collected at small momenta transfer, (|t| < 0.2 GeV 2 ), so as a first step we have used to fit the data the unitary amplitude (11) . As the next step, we have introduced a t-dependence into the K-matrix amplitude. For the amplitude Kπ(t) → Kπ (where π(t) refers to a virtual pion) we write:
In the limit t → m 2 π , the couplings g α (t) and background terms f a (t) coincide with g α 1 and f 1a correspondingly. Taking into account that the momenta transfered are comparatively small, |t| < 0.2, we approximate g α (t) and f a (t) as
where parameters u α and u a vary in the interval 0.9 − 1.1. In the leading terms of the 1/N expansion [15] , the couplings of the qq-meson transition to two mesons are determined by the diagram shown in fig.1a where gluons produce a qq-pair. The production of softpairs by gluons violates flavour symmetry (see, for example, [2, 16, 17] ): the quark production probability ratios are uū : dd : ss = 1 : 1 : λ with λ = 0.45 − 0.8. We fix in our fit λ = 0.6. This makes it possible to calculate the decay coupling constants in the framework of the quark combinatoric rules: they are given in Table 1 for both the leading terms of the 1/N-expansion (process of the fig. 1a type) and for the next-to-leading terms (process of the fig 1b type) . In the present fit, we have used the leading terms only.
Fit of the data and the qq classification schemes
In ref. [7] there are two solutions, A and B, for the 1 2 0 + wave, which differ from each other at M πK > 1800 MeV only. Correspondingly, we have got two K-matrix two-pole solutions, A-1 and B-1. In addition, for an analysis of alternatives, we have performed the K-matrix three-pole fits.
The solid curves in figs. 2-6 correspond to the description of the Kπ wave defined by the unitary expression (11) . The dashed curves show fits where t-dependence of the Kπ interaction is taken into account by means of eq. (17) . As it is seen, this dependence helps to describe phase shifts in the region 1700 MeV. Let us note that in this region (and in the region higher 2000 MeV in the solution A) the data violate unitarity limits. Such a strong violation is unlikely to be expected by t-dependence alone: we think it is connected with inaccurate PW analysis in this region performed in ref. [7] . However including t-dependence in our fits does not produce any serious effect either on masses of the bare states or on amplitude pole position. Usually, the masses of the bare states found in the t-dependant fits are at 20-30 MeV lower then those obtained in fits without t-dependence.
K-matrix two-pole solutions
The descriptions of the data for the data-sets A and B are shown in fig.2 (solutions A-1 and  B-1) . The K-matrix pole masses, coupling constants and pole position in the Kπ → Kπ S-wave scattering amplitude for both solutions are presented in Table 2 . Both solutions give values of bare masses and amplitude pole positions which are rather close to each other. So we can treat these solutions as one:
The Kπ scattering amplitude in this case has the poles at
The definition of the sheets on the complex M Kπ -plane is the following: II sheet is located under Kπ and Kπππ cuts and the sheet III under Kπ, Kπππ and Kη ′ cuts. The state K bare 0 (1220 +50 −60 ) reveals itself as two poles of the amplitude in the region M = 1400 − 1550 MeV, where the Kη ′ threshold is located. This situation is analogous to that of f 0 (980): this is also realized as two poles near the KK threshold [18] .
Classification of the bare scalar states based on eq. (20) is as follows: 
Let us stress that the position of K-matrix poles in the Kπ-amplitude differ by about 100-200 MeV from the pole positions in scattering amplitudes; this is rather important from the point of view of theclassification.
K-matrix three-pole solutions
We have performed two types of three-pole K-matrix fits. In one of them, the region M πK < 1600 MeV is described by one pole, while for the region M πK > 1600 MeV two K-matrix poles are used: these are Solutions A-2 and B-2.
For the next type of solution, we use two K-matrix poles for the region M πK < 1600 MeV, while the region M πK > 1600 MeV is described by one K-matrix pole, Solution B-3.
Solutions A-2 and B-2
Parameters of these solutions are given in Table 3 . As before, the values of the K-matrix bare masses and positions of poles are close to each other for Solutions A-2 and B-2; thus
The Kπ scattering amplitude in this case has poles at
Similarly to the previous solution, the state K bare 0 (1220 ± 70) reveals itself as two poles of the amplitude in the region M = 1400 − 1550 MeV, where the Kη ′ threshold is located. Classification of the bare scalar states based on (25) is as follows:
For the first radial excitation we have two cases again. Solution I:
Solution II:
Solution B-3 This solution differs from previous ones and gives quite different sets of states both for the 1 3 P 0 nonet and for 2 3 P 0 . It has the following three bare K 0 states:
Classification of the bare scalar states based on eq.(30) is as follows: 
In Solution B-3 the positions of bare states inside nonets are more compact.
Conclusion
We have performed the K-matrix analysis of the There are more possibilities in construction of the nonet 2 3 P 0 qq: they are given by eqs. (1600), which should be classified as good candidates for the lightest scalar glueball. We remind that the state f bare 0 (1600), as a candidate for the lightest glueball, is in agreement with the lattice gluodynamic calculations [5] .
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